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We present random quantum circuit models for non-unitary quantum dynamics of free fermions
in one spatial dimension. Numerical simulations reveal that the dynamics tends towards steady
states with logarithmic violations of the entanglement area law and power law correlation functions.
Moreover, starting with a short-range entangled many-body state, the dynamical evolution of en-
tanglement and correlations quantitatively agrees with the predictions of two-dimensional conformal
field theory with a space-like time direction. We argue that this behavior is generic in non-unitary
free quantum dynamics with time-dependent randomness, and show that the emergent conformal
dynamics of two-point functions arises out of a simple “nonlinear master equation”.
1. INTRODUCTION
Recent years have seen a surge of interest in many-
body quantum dynamics generated by random unitary
circuits [1–19]. These models are simplified cartoons for
the unitary quantum dynamics of many-body systems,
and allow for numerical or even analytic descriptions of
the physics of thermalization and dissipation, operator
growth and many-body chaos, entanglement spreading,
and diffusion. As the dynamics of these systems is uni-
tary and highly chaotic, the endpoint of the dynamical
evolution is typically a thermalized state with volume
law entanglement, and remains as featureless as possible
given the symmetries of the model.
The story qualitatively changes if the quantum dynam-
ics is not unitary, where the emergent steady states need
not be thermal and featureless, and can exhibit inter-
esting and unexpected structures. An example of this
dynamics is a random unitary circuit subject to random
projective measurements [20–23]. In this system, there
is a phase transition: the entanglement entropy remains
volume law at slow measurement rate, and enters an area
law phase at fast measurement rate [21–35]. At the criti-
cal point, analytical and numerical results provide strong
evidence for emergent conformal symmetry [21, 29, 36].
Note that to observe this transition, we need to follow
the quantum trajectory of the many-body wave function
rather than the evolution of the density matrix described
by the Kraus map [37] or its Markovian version, the Lind-
blad equation [38].
Motivated by these studies, in this paper we intro-
duce a model of random non-unitary dynamics for free
fermions. Our model consists of discrete time evolution,
with alternating application of unitary gates (nearest-
neighbor hopping gates), non-unitary gates (evolving
with on-site potential in imaginary time), and wave func-
tion renormalization. This model is different than a
free fermion model subjected to projective measurement
[20, 23], in which any non-zero measurement rate drives
the system to a trivial quantum Zeno phase with area
law entanglement. In our model, based on extensive nu-
merical simulations, we argue that so long as the model
has time-dependent randomness, there is emergent space-
time conformal symmetry [39] in the disorder-averaged
(variance of) two-point functions, and in von Neumann
entanglement entropy as well as the mutual information,
regardless of the strength of the non-unitary gates. More
precisely, we conjecture that after T  1 steps of the
dynamics, the quantum state |ψ(T )〉 evolves to
|ψ(T )〉 ≈ e
−THCFT |ψ0〉
‖e−THCFT |ψ0〉‖ . (1)
where HCFT represents a CFT Hamiltonian in 1 + 1d,
whose precise form we do not know. Reminiscent of
self-organized critical systems [40, 41], there is no finely-
tuned parameter at criticality; these critical phenomena
are remarkably robust to various perturbations and mod-
ifications of the model. Due to the simplicity of free
fermion dynamics, we hope that this model will be a use-
ful starting point for a broader understanding emergent
scale and even conformal invariance in non-unitary dy-
namics.
The rest of the paper is organized as follows. In Sec.
2, we introduce the model and what we are going to com-
pute. In Sec. 3 , we numerically study the properties of
the steady states which arise when the number of time
steps T  L, where L is the system size. In Sec. 4, we
explore the time evolution starting from a short range en-
tangled state, and understand the crossover from T < L
to T > L. In Sec. 5, we provide an interpretation of this
emergent critical dynamics, and argue for its robustness,
by deriving a “nonlinear master equation” for the two-
point correlation functions in a continuous time model
with Brownian non-unitary dynamics. In Sec. 6, we
summarize our results and discuss several interesting di-
rections for future work.
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Figure 1. The schematics for the non-unitary random dynam-
ics of free fermions.
2. THE MODEL AND THE METHOD
In this section, we consider non-unitary random dy-
namics with the time evolution operator (shown in Fig. 1)
U =
T∏
t=1
Uβ(t)Uτ (t), (2)
which consists of both unitary and imaginary time evo-
lutions. Here Uτ (t) = exp(−2iτH1(t)) denotes unitary
evolution for time τ for a one dimensional fermionic chain
with random nearest neighbor hopping. In the simula-
tions we discuss below, the Hamiltonian H1(t) is a tight
binding model, defined as
H1(t) =
∑
x
κx,tc
†
xcx+1 + H.c. (3)
The second part of each period Uβ(t) = exp(−2βH2(t))
denotes imaginary time evolution for an “imaginary time
unit” β, where the Hamiltonian H2(t) is a simple random
onsite potential:
H2(t) =
∑
x
λx,tc
†
xcx. (4)
Both H1 and H2 are random in both space and time. The
parameters κx,t and λx,t are independent random vari-
ables with a distribution Pκ(κx,t) and Pλ(λx,t). Specifi-
cally, we take a simple two-component distribution,
Pκ(κx,t) = p1δ(κx,t − 1) + (1− p1)δ(κx,t + 1) (5)
Pλ(λx,t) = p2δ(λx,t − 1) + (1− p2)δ(λx,t) (6)
with p1, p2 ∈ [0, 1].
We are interested in the wave function dynamics,
|ψ(T )〉 = U(T )√
Z
|ψ0〉. (7)
where Z = 〈ψ0|U†(T )U(T )|ψ0〉. The initial pure state
|ψ0〉 is chosen to be a short-ranged entangled state:
|ψ0〉 = | · · · 01010101 · · · 〉. (8)
Under time evolution with H1 and H2 chosen as above,
|ψ(T )〉 remains a fermionic Gaussian state [42]; there-
fore, the entire state is fully encoded in the two point
correlation matrix C(T ), with
Cxy(T ) ≡ 〈ψ(T )|c†xcy|ψ(T )〉. (9)
Numerical algorithms to compute the evolution of C(T )
are explained in Appendix A. We also observe from (9)
that C is a projection operator satisfying
TrC = TrC2 = N, (10)
whereN is the number of particles and is conserved under
non-unitary time evolution. (10) is an important identity
which we will use later. Given C(T ), we can further
compute the entanglement entropy for a subsystem. This
is because |ψ(T )〉 is a Gaussian state and satisfies Wick’s
theorem [43]. For von Neumann entanglement entropy
in particular, we have
SvN = −Tr [CA logCA + (1− CA) log(1− CA)] , (11)
where CA is the correlation matrix defined in the subsys-
tem A. We can further compute the generalized Re´nyi
entropy:
Sn =
1
1− nTr log [C
n
A + (1− CA)n] . (12)
where n is the Re´nyi index. In the limit n → 1, (12)
reduces to (11).
Before we analyze the non-unitary dynamics, we briefly
discuss the simplest case with β = 0. This corresponds
to the unitary time evolution. For the random dynamics
described by (3), we expect to observe diffusive dynamics
[44]. We numerically confirm this result and present it
in Fig. 2. In Fig. 2(a), we show that Cx,x+r spreads out
diffusively, i.e.,
|Cx,x+r|2 ∼ e
−r2/T
√
T
, (13)
and the averaged Re´nyi entropies also exhibit diffusive
scaling, Sn ∼
√
T , regardless of the Re´nyi index n (see
Fig. 2(b)). Sn will saturate to volume law after suf-
ficient time evolution. Throughout the paper, Sn and
|Cx,x+r|2 are numerically obtained through ensemble av-
eraging over different circuit realization (as specified by
{κx,t} and {λx,t}). Therefore we may drop the overline
frequently in the rest of the paper.
3. STEADY STATE
First we characterize the steady state in the limit
T →∞ for a one dimensional system with L sites and pe-
riodic boundary conditions. We fix τ = 1, and vary both
3(a) (b)
Figure 2. The quantum dynamics at β = 0 with open boundary condition where L is the system size. (a) is the data collapse
of squared correlation function between T ∈ [20, 100]. Here C(r) ≡ CL/2−x,L/2+x+1 with r = 2x+ 1. All the data collapse into
a single curve. (b) is the growth of Re´nyi entanglement entropy for half of the system vs
√
T .
β (the imaginary time unit) and ν = N/L (the filling
fraction). Since this is a random system, the averaged
two point correlation function Cx,x+r = 〈c†xcx+r〉 = 0.
On the other hand, as shown in Fig. 3(a), the averaged
squared correlation function |〈c†xcx+r〉|2 (i.e. the second
moment) is nonzero [29]. Numerics shows that for r  1,
|〈c†xcx+r〉|2 ∼ 1
r2
. (14)
This power law scaling behavior indicates that this wave
function is critical at finite β. Furthermore, we find that
the averaged von Neumann entanglement entropy of a
set A of LA adjacent sites scales as log(sin(piLA/L)) with
periodic boundary condition (see Fig. 3(b)). We further
calculate the Re´nyi entanglement entropy and find results
that are consistent with
Sn = c1
(
1 +
1
n
)
log
[
L
pi
sin(
piLA
L
)
]
. (15)
This dependence on Re´nyi index is the same as the results
of the ground state for a 1+1 dimensional conformal field
theory (CFT) computed from the Cardy-Calabrese for-
malism [45, 46] (see Sec. 4 and Appendix. D for detailed
discussions). The coefficient c1 depends on β; numeri-
cally we find that when p1 = p2 = 0.5,
c1(β) ∝ 1
β
; (16)
see the inset of Fig. 3(b).
In addition, we compute the mutual information
In(A,B) = Sn(A) + Sn(B) − Sn(A ∪ B) between two
disjoint intervals A = [x1, x2] and B = [x3, x4], whose
system sizes and locations can be varied. We present the
results in Fig. 3(c) and we find that all the data points
collapse to a single curve as a function of the cross ratio
η, which is defined as
η ≡ x12x34
x13x24
, with xij = sin
(pi
L
|xi − xj |
)
. (17)
Furthermore, I(A,B) ∝ η when η → 0. This limit can
be taken by fixing LA = x12 and LB = x34, while taking
the distance between A and B (|x13|) to be large; in this
case, η ∼ |x13|−2. Therefore this result indicates that the
mutual information between two small intervals scales
as 1/r2 when their separation r is large. This power
law scaling is the same as that for the squared correla-
tion function, consistent with the information-theoretic
bound on |〈c†xcx+r〉|2 [47].
The above critical scaling behavior also works at other
filling factor (See Fig. 3(d)) and other values of p1 and p2.
These additional numerical results can be found in Ap-
pendix B, and confirm that the emergent conformal sym-
metry is not finely tuned. We also consider the dimerized
Hamiltonian for the unitary part in Eq.(3) with even and
odd bonds having different bond strength and we still ob-
serve the same critical behavior.
4. DYNAMICS
To better understand the physics of this model, we now
explore the evolution of |ψ(T )〉 both when T  L and
T  L. When T  L, as shown in Fig. 4(a), we find
that when T  r, there exists a constant a such that
|〈c†xcx+r〉|2 ∼ e
−ar/T
T 2
. (18)
Due to the imaginary time evolution Uβ(t), the dynamics
is no longer strictly local. At early times, the correlation
between two points decays exponentially in space with
a correlation length proportional to time T . This result
4(a) (b)
(c) (d)
Figure 3. The numerical results of the steady state for various β at p1 = p2 = 0.5 with L = 400 and periodic boundary
condition. For the first three plots, the filling factor is fixed at 1/2. (a) Squared correlation function on the log-log scale. The
slope of the curves is 2 and is the same as the dashed line which scales as 1/(sin(pir/L))2. (b) von Neumann entanglement
entropy SvN vs log(sin(piLA/L)) on the linear scale. The β of the curve is the same as that in (a). The coefficient 2c1(β) vs
1/β is shown in the inset. (c) The mutual information I1 as a function of the cross ratio η on the log-log scale. The same data
is plotted in the inset on the linear scale. The intervals A = [x1, x2] and B = [x3, x4]. The locations of xi are chosen randomly
on the circle with the constraint |xi − xj | > 3. (d) SvN vs log(sin(piLA/L)) at different filling factor ν = N/L.
holds in the thermodynamic limit, for an arbitrarily large
value of r/T .
We emphasize that this is not simply a mild breakdown
of locality in the spirit of the Lieb-Robinson theorem [48]
(which only guarantees an approximate light cone for con-
tinuous unitary dynamics). The discrete time unitary
dynamics has an exact light cone [3] which is destroyed
specifically by the non-unitary dynamics. Further dis-
cussion can be found in Appendix C.
In (18), the r/T scaling suggests that the emergent
criticality found previously has dynamical exponent z =
1: namely, time and space scale together, as expected for
a CFT. As time evolves, we may write
|〈c†xcx+r〉|2 = F
( r
T
) 1
T 2
. (19)
For large x, F (x) ∼ exp(−ax); for small x, F (x) ∼ x−2.
Therefore at late times, we recover (14). Based on these
numerical results, we conjecture that this non-unitary dy-
namics has emergent two-dimensional conformal symme-
try: namely, the state is obtained through CFT Hamilon-
tian under purely imaginary time evolution, as in (1).
Following this assumption, it is easy to understand
(18). From the form of (1), T plays the role of an ef-
fective inverse temperature; in a CFT this also serves as
the correlation length. This exponential decay behavior
becomes algebraic when T  r, since on these length
scales the physics is captured by the algebraic scaling of
the ground state.
Next, we explore the growth of entanglement. Again
we consider a domain A consisting of LA adjacent sites,
and compute its entanglement entropy with the remain-
ing sites as a function of time. When T  LA, we find
behavior consistent with
Sn =
c1
2
(
1 +
1
n
)
log T. (20)
The 1/2 prefactor is caused by open boundary conditions
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Figure 4. (a) The data collapse of the squared correlation function at time T ∈ [20, 60] on the semi-log scale. Here C(r) ≡
CL/2−x,L/2+x+1 with r = 2x + 1. In the inset, we plot the same quantity on the log-log scale with T ∈ [50, 100]. The dashed
line scales as (T/2x+ 1)2. (b) The dynamics of Sn for half of system on the semi-log scale. In the inset, we show the coefficient
in front of log T vs 1 + 1/n, where we take n ∈ [0.2, 100]. (c) The data collapse of entanglement dynamics for subsystem A
on the semi-log scale. ξ depends on L, LA and T . All the data points of the same β at different time collapse into a single
straight curve. For both curves, the time T ∈ [20, 100]. For β = 0.8, we choose the parameter a = 2.4 (the detail can be found
in Eq.(D17) in Appendix D), while for β = 1.6, we take a = 4.8. (d) The data collapse of the mutual information dynamics
between A and B for the time T ∈ [20, 100]. The other parameters are the same as in (c). For all the four plots, we consider
open boundary condition with p1 = p2 = 0.5.
[45, 49].1 This result is consistent with the prediction
from CFT [45, 46], in which the calculation of the entan-
glement entropy is mapped to evaluate the correlation
function for twist fields on a semi-infinite strip; see Ap-
pendix D.
Our model has a rectangular geometry (T time steps
and L lattice sites), and in the numerical simulation, L
and T are finite. In a CFT, we expect that
Sn = −c1
2
(
1 +
1
n
)
log ξ, (21)
where ξ depends on L, T/L and LA/L; the explicit for-
mula is given in Appendix D.
1 Here we switch from periodic boundary condition in the previous
section to open boundary condition in this section.
In Fig. 4(c), we plot SvN at different times as a function
of ξ and we find that all the data points collapse into
a single straight curve, which provides strong numerics
evidence that our conjecture in (1) is correct. In addition,
we further compute the mutual information dynamics for
two intervals sitting next to the corner and we find that
it is a function of cross ratio (see Fig. 4(d)), which is
defined as
η ≡ |w1 − w1||w2 − w2||w1 − w2||w2 − w1| , (22)
with w1 and w2 as functions of the parameters
LA, LB , L, T (The details of w1 and w2 can be found in
Appendix D). Notice that when η is close to 0, we have
IvN ∼ η. The power law exponent is the same as that
for the steady state with periodic boundary condition.
In terms of Cardy-Calabrese formalism, which is used to
6compute the entanglement properties in CFT, the mu-
tual information is related with the four point correlation
function of the twist field [45, 46, 50, 51]. Therefore in
our circuit model, the power law exponent 1 in the small
η expansion can be interpreted as the lowest scaling di-
mension of the allowed operators in the operator product
expansion (OPE) of the twist field [51].
5. CONTINUOUS TIME MODEL
In this section, we provide an alternative understand-
ing of this critical behavior. Notice that this non-unitary
random free fermion dynamics is Markovian and has
the conservation law TrC2 = N . This motivates us to
write down a master equation to describe the spread-
ing of the correlation function and its final steady state.
To derive this master equation, we consider a continu-
ous time model of non-unitary dynamics with Brownian
noise, which we believe characterizes the same physics in
the above discrete circuits. As before, we consider free
fermions on a one dimensional lattice of L sites. The
instantaneous Hamiltonian is given by
dH(t) =
∑
j
(
c†j+1cjdWj(t) + c
†
jcj+1dW j(t)
−ic†jcjdW ′j(t)
)
, (23)
with dWj , dW j and dW
′
j representing three different
Brownian motions.
As we have discussed in Eq.(10), the matrix of two-
point functions C completely characterizes a state of
free fermions. It is a projection matrix, which satisfies
TrC2 = N . For an initial product state, only the diagonal
elements are non-zero. As time evolves, the off-diagonal
elements also becomes non-zero, while maintaining the
same trace constraint. This motivates us to define a
distribution function fn which captures the spreading of
“weight” in the C matrix:
fn ≡
{∑
a
|Ca,a|2
N , when n = 0∑
a
|Ca,a+n|2+|Ca,a−n|2
N , when n > 0
, (24)
5.1. Nonlinear master equation
Our goal is to derive an (approximate) equation gov-
erning the dynamics of fn(t). This technical computation
is given in Appendix E. The result is
∂tf1 = µ+ θ(f2 − 2f1)− 2f1
∞∑
m=1
fm
+
∞∑
m=1
fmfm+1, (25a)
∂tfn = θ(fn+1 + fn−1 − 2fn)− 2fn
∞∑
m=1
fm
+
∞∑
m=1
fmfm+n +
1
2
n−1∑
m=1
fmfn−m, (n > 1) (25b)
Here µ and θ are positive constants. θ is large when
the amplitude of the unitary nearest-neighbor hopping is
much larger than the amplitude of the non-unitary on-
site term; this limit is analogous to the β → 0 limit in
the discrete time circuit. We have set the “strength” of
the non-unitary terms to 1 in our effective master equa-
tion, and have rescaled time. The degree of freedom f0 is
unique in that its average value must be non-zero, since
(10) holds at all times. For this reason we ignore it in
our approximate master equation; justification for this is
provided in Appendix E. This derivation is not mathe-
matically exact, but as we will show below, this set of
equations exhibits the same emergent conformal symme-
try that we saw before, and we believe that these master
equations capture the key physics of the Brownian model
(23), and more generally of our non-unitary random free
fermion dynamics.
Remarkably, time-independent solutions to (25) are
known analytically [52], and take the form fn ∝ n−2
(at large n). However, at finite time t and for our initial
condition fn(t) = 0, an exact solution is not known. We
propose a self-consistent solution to the system (25) of
the form
fn(t) ≈ t−αF (ϕ), (n 1) (26)
where
ϕ =
n
t
. (27)
Notice the resemblance between this ansatz and the scal-
ing form in (19). This solution will be valid on times
t 1, and on this time scale fm are approximately time-
independent for m ∼ 1. Upon plugging this ansatz in to
(25), we obtain the following heuristic equation
− αF (ϕ)
tϕ+1
− ϕF
′(ϕ)
tα+1
≈ ϕF
′′(ϕ)
tα+2
+
ϕ/2∫
1/t
dζ
F (ζ)
t2α−1
(F (ϕ+ ζ) + F (ϕ− ζ)− 2F (ϕ)) . (28)
The integration limits are not exact, but do capture the
dominant terms in the equation. The first observation is
that at large t, the θ term is always subleading; hence we
7may ignore this contribution. Physically, this means that
the unitary dynamics is actually irrelevant for maintain-
ing the shape of the distribution at late times! Next, ob-
serve that when α < 2, the convolution term dominates
at large t; by dominant balance there must be something
equally large to balance this term, and so α ≥ 2. On
the other hand, if α > 2, the convolution term is irrel-
evant; were this the case, then we could exactly solve
the diffusion equation ∂tf ≈ ζ∂2nf and our scaling ansatz
(26) would be wrong. We conclude that α = 2 if the
non-unitary dynamics plays any non-trivial role.
Next we analyze F (ϕ) when ϕ 1, where (28) reads
−2F−ϕF ′ =
ϕ/2∫
1/t
dζF (ζ) (F (ϕ+ ζ) + F (ϕ− ζ)− 2F (ϕ)) .
(29)
Suppose the right hand side could be ignored; if it could,
then
F (ϕ) ∼ ϕ−2 (ϕ 1). (30)
If the right hand side is not vanishing, then F (ϕ) must
decrease faster than in (30). Suppose that F (ζ) ∼ ζ−γ−2
with γ ≥ 0, as ζ → 0. Then if γ ≥ 1, the convolution
is dominated by ϕ ∼ 1/t, and the equation is not time-
dependent; so we may take γ < 1, in which case we
crudely estimate that
ϕ/2∫
1/t
dζF (ζ) (F (ϕ+ ζ) + F (ϕ− ζ)− 2F (ϕ)) ∼ ϕ1−γF ′′(ϕ).
(31)
As ϕ → 0, this term is always subleading; we conclude
that (30) holds.
When ϕ  1, it is difficult to explicitly solve (28)
because the convolution term is not even approximately
local. However, our argument in (31) still gives insight:
if F (ϕ) was a power law at large ϕ, then we would be
able to estimate the convolution term as quasi-local, and
we would obtain a small correction to the equation of
motion. We would then find F (ϕ) ≈ ϕ−2 at all ϕ, and a
time-independent fn(t)! That is one schematic solution
to the equations of motion, but not the one we are after
– it is already in steady-state! The other possibility is
that
F (ϕ) ≈ e−ϕ. (32)
In this case, the convolution in (29) balances the deriva-
tive contribution, and the−2F term in (29) is subleading.
This solution does exhibit non-trivial dynamics, and de-
scribes the dynamical evolution of the distribution to its
steady-state.
To summarize, we have given a heuristic argument that
the non-unitary free fermion Brownian dynamics is well-
captured by the nonlinear master equation (Eq.(25)),
which in turn exhibits the scaling solution
fn(t) ∼
{
n−2 n t
t−2 exp(−n/t) n t . (33)
This precisely agrees with the predictions of CFT and of
(1), as discussed above.
Let us quickly note that slightly similar equations have
appeared in the literature before under the name of “ag-
gregation dynamics” [53]. In the simplest of these equa-
tions, the infinite sums in (25) are absent, and this qual-
itatively changes the dynamics. The precise form of the
nonlinear convolution terms in (25) is crucial to see emer-
gent criticality.
5.2. Numerical simulations
We now confirm (33) in explicit simulations of (25).
Since the diffusion term is not important for the late
time dynamics, we set θ = 0. Our results are shown in
Fig. 5, where we take µ = 1 and the initial condition
fn≥1 = 0. The data collapse in Fig. 5(a) and 5(b) in-
dicate that t2fn(t) is a function of n/t, consistent with
the ansatz proposed in (26). Furthermore, t2fn(t) scales
as exp(−n/t) when n t and crossovers to (t/n)2 when
n t, the same as in (33), and also in our discrete time
model.
Notice that as shown in Fig. 5(c),
∑
fn≥1 also quickly
saturates to a constant. This demonstrates that while
the early time dynamics of our master equation is not
exact, the late time physics is quantitatively consistent
with the microscopic constraint (10).
6. DISCUSSION
In this paper, we construct a one dimensional non-
unitary free fermion circuit model with non-trivial steady
state. Through extensive numerical calculation, we
demonstrate that this model has emergent criticality and
has two dimensional conformal symmetry. The critical
behavior observed in our circuit model is very robust
and is insensitive to the parameters of the model. To
understand this universal dynamics, we provide an inter-
pretation in terms of the fast spreading of C matrix in
real space, which can be estimated by a classical non-
linear master equation which also exhibits emergent con-
formal invariance. We expect other non-unitary quan-
tum dynamical systems could also exhibit this “quan-
tum self-organized criticality”, which arises without fine-
tuning any parameters. We note in passing that “quan-
tum critical phases” that appear in generic regions of
phase space (without fine tuning) naturally arise in fi-
nite density holographic matter [54–56]; however, these
quantum critical phases are not stabilized by non-unitary
or through dynamics.
The coefficient in front of logLA entanglement entropy,
interpreted as the effective central charge, is sensitive to
various system parameters, which suggests that this CFT
is not unitary or rational. Non-unitary CFTs have arisen
previously in many studies of random systems [57–61].
Since analytically solving such random systems is quite
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Figure 5. The numerical results for the master equation in Eq.(25) with L = 1000 and θ = 0. (a) Data collapse of t2fn(t) vs
t/n on the semi-log scale with T ∈ [40, 200]. (b) Data collapse of t2fn(t) vs t/n on the log-log scale with T ∈ [100, 400]. The
dashed line scales as (t/n)2. (c) The sum of fn≥1(t) vs time, which quickly approaches a constant, as demanded by the exact
microscopic equations of motion.
challenging, our model provides a new and simple exam-
ple that could be a starting point to explore non-unitary
CFTs in two dimensions.
The mutual information bewteen two disjoint intervals
is a function of cross ratio and can provide more infor-
mation about the structure of the CFT beyond the ef-
fective central charge [45, 46, 50, 51]. Previous research
in the rational CFT shows in the small η expansion, the
mutual information encodes rich information of the scal-
ing dimensions of the operator contents and the oper-
ator product expansion (OPE) coefficients [51]. We ex-
pect such general principle also works in this non-unitary
CFT. Notice in our model, I(η) ∼ η in the η → 0 limit,
indicating that in the OPE of the twist field, the lowest
scaling dimension of the allowed operator is 1. It would
be interesting to have a better understanding of this scal-
ing dimension and examine how universal this result is
in the future.
We expect that our model can break down in the pres-
ence of interactions between fermions. Previous studies
of random quantum dynamics with weak measurements
found a phase transition between volume-law and area-
law entangled phases [29, 30]. While our model is not
simply a proxy for weak measurements, it is possible that
emergent criticality survives until a critical non-zero in-
teraction strength. It is interesting to understand better
the nature of this phase transition at finite interaction
strength; we leave this problem for future study.
Last but not the least, we briefly discuss the realization
in experiments. The non-unitary circuit presented in this
paper can be thought of modelling some kind of stochas-
tic non-hermitian Hamiltonian dynamics, which can be
realized in an open quantum system under continuous
measurements. Thus formulated, a possible experimen-
tal realization of the non-unitary circuit faces the same
challenges posed for unitary-measurement circuits [21–
35]: in order to measure any entanglement measures of
the final state of circuit evolution, one needs to prepare
several/many copies of the same wavefunction, which re-
quires post-selection on full-counting trajectories from an
ensemble of exponentially many trajectories; therefore,
the circuit needs to be run exponentially many times.
It might be possible to reduce such overheads in non-
unitary circuit models.
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Appendix A: Time evolution of C matrix
In this appendix, we discuss two methods to compute
the time evolution of correlation function C matrix. Both
methods give the same results. In our paper, we use the
first method to numerically compute C matrix. On the
other hand, the equation of motion derived in the second
method will be used to derive the master equation in
Appendix E.
Method 1. For a Hermitian Hamiltonian H =∑
ij Hijc
†
i cj , if we take an initial product state
|ψ0〉 =
N∏
k=1
c†k|0〉, (A1)
under unitary time evolution U = exp(−iHt), we have
|ψ1〉 =
N∏
k=1
c†k(t)|0〉, (A2)
where the Heisenberg operator c†k(t) ≡ U†c†kU =∑
j U
†
jkc
†
j . The unitary evolution of these c
†
i (t) with
91 ≤ i ≤ N can be characterized by a W matrix, which
is the first N columns of U matrix and has dimension
L×N . The C matrix can be evaluated as following,
Cij =
(
WW †
)T
ij
. (A3)
Similarly, for the wave function under imaginary time
evolution V = exp(−Hβ), we can also define a W matrix
to characterize the wave function. We first choose the
first N columns of V matrix and use them to construct
an orthonormal basis from it, which forms W matrix.
We then use Eq.(A3) to compute C matrix. The physics
behind this algorithm is very simple: Under imaginary
time evolution,
|ψ2〉 ∼
N∏
k=1
c†k(β)|0〉, (A4)
where c†k(β) = V c
†
kV
−1 =
∑
j Vjkc
†
j . However, since V
is not a unitary matrix, {c†i (β), cj(β)} 6= 0 when i 6= j.
We can construct a new canonical basis f†k from c
†
k(β)
which satisfies the anti-commutation relations. In this
basis, the wave function can be simply written as
|ψ2〉 =
N∏
k=1
f†k |0〉. (A5)
Method 2. In the second method, we directly compute
the equation of motion for C matrix. Under unitary time
evolution,
Cij(t) ≡ 〈ψ1|c†i cj |ψ1〉 = 〈ψ0|U†c†i cjU |ψ0〉. (A6)
By taking derivative of Cij(t),we have
dCij
dt
=
∑
kl
iHkl
[
〈c†kclc†i cj〉 − 〈c†i cjc†kcl〉
]
=
∑
k
iHkiCkj −
∑
l
iCilHjl. (A7)
The second equation is obtained by using Wick theorem.
Therefore we have
dC
dt
= i[HT , C] −→ C(t) = eiHT tC(0)e−iHT t. (A8)
Under imaginary time evolution, we have
Cij =
〈ψ0|V c†i cjV |ψ0〉
〈ψ0|V V |ψ0〉 . (A9)
This leads to
dCij
dβ
=
∑
kl
Hkl
[
−〈c†kclc†i cj〉 − 〈c†i cjc†kcl〉+ 2〈c†i cj〉〈c†kcl〉
]
= −
∑
kl
Hkl [Ckj(δli − Cil) + Cil(δjk − Ckj)] .
(A10)
Therefore, we have
dC
dβ
= −{HT , C}+ 2CHTC. (A11)
The nonlinear term CHTC is very important and is re-
sponsible for the interesting dynamics observed in our
circuit model.
Appendix B: Numerical results for variants of our
model
We consider the model described in Eq.(2) and take
other values for p1 and p2. As shown in Fig. 6 and Fig. 7,
the steady state shows the same scaling behavior while
the coefficient c1 in front of logLA scaling is model de-
pendent. In particular, in Fig. 6, we take p1 = 0 so that
the randomness in the unitary evolution is turned off.
These results strongly indicate that this critical behavior
is robust and is not sensitive to these parameters in the
model.
We further perform the data collapse for the dynam-
ics of entanglement entropy and mutual information and
present the results in Fig. 8 and Fig. 9. All the data
points at different times collapse into a single curves. For
mutual information, we observe that IvN ∼ η when η is
small and this is also true for other Re´nyi indices.
Appendix C: Absence of light cone
Here we give a simple cartoon picture (see Fig. 10) to
explain how the non-unitary gates can break the linear
light cone of quantum information dynamics.
Consider a fermionic system with 4 sites, initially pre-
pared in the state
|ψ0〉 = |0101〉. (C1)
Define the unitary gate
U =
|01〉〈01|+ |01〉〈10| − |10〉〈01|+ |10〉〈10|√
2
+ |00〉〈00|+ |11〉〈11| (C2)
which entangles two sites if exactly one is empty. Let Uij
denote this unitary gate acting on sites i and j. Consider
first evolving the system with unitary dynamics:
|ψ1〉 = U23U34U12|ψ0〉
=
|0101〉 − |0011〉+ |1010〉+ |1100〉√
8
− 1
2
|0110〉 − 1
2
|1001〉. (C3)
Observe that the mixed state of fermions 1 and 4 is maxi-
mally mixed; hence the mutual information Iψ1(1, 4) = 0.
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Figure 6. The numerical results of the steady state for various β at p1 = 0 and p2 = 0.5 with L = 400 at 1/2 filling. Here we
take periodic boundary condition. (a) Squared correlation function on the log-log scale. The slope of the curves is 2 and is the
same as the dashed line which scales as 1/(sin(pir/L))2. (b) von Neumann entanglement entropy SvN vs log(sin(piLA/L)) on
the linear scale. The curves have the same labelling as in (a). The coefficient 2c1(β) vs 1/β is shown in the inset. (c) Data
collapse for the mutual information I1 as a function of the cross ratio η on the log-log scale. The locations of xi are chosen
randomly on the circle with the constraint |xi − xj | > 3.
(a) (b) (c)
Figure 7. The numerical results of the steady state for various β at p1 = p2 = 0.3 with L = 400 at 1/2 filling. Here we take
periodic boundary condition. (a) Squared correlation function on the log-log scale. The slope of the curves is 2 and is the
same as the dashed line which scales as 1/(sin(pir/L))2. (b) von Neumann entanglement entropy SvN vs log(sin(piLA/L)) on
the linear scale. The curves have the same labelling as in (a). The coefficient 2c1(β) vs 1/β is shown in the inset. (c) Data
collapse for the mutual information I1 as a function of the cross ratio η on the log-log scale. The locations of xi are chosen
randomly on the circle with the constraint |xi − xj | > 3.
Now let us apply a non-unitary gate:
|ψ2〉 = e
−βn2 |ψ1〉√
〈ψ1|e−2βn2 |ψ1〉
∝ e
−β |0101〉 − |0011〉+ |1010〉+ e−β |1100〉√
8
− e
−β
2
|0110〉 − 1
2
|1001〉. (C4)
Observe that the factor e−β weights different terms un-
equally. The mixed state of sites 1 and 4 is no longer
maximally mixed (nor that of site 1 alone). When β is
small, we find the mutual information
Iψ2(1, 4) =
β2
16
+ · · · (C5)
which is not vanishing, even though there is no chain of
gates (running forward in time) which link site 1 to site
4. The reason that this mutual information has arisen is
the prefactors of the coefficients in |ψ1〉 are finely tuned
to ensure mutual information vanishes. The non-unitary
gate disrupts these tuned cancellations and thus generi-
cally spreads information instantaneously.
These two-qubit and one-qubit gates can be used
to construct a many-body free fermion random circuit
model. We numerically compute this model and find the
same critical behaviors with emergent conformal symme-
try.
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(a) (b)
Figure 8. The data collapse for the dynamics of entanglement entropy in (a) and mutual information in (b) in the regime
T ∈ [20, 100]. Here we consider open boundary condition with p1 = 0 and p2 = 0.5.
(a) (b)
Figure 9. The data collapse for the dynamics of entanglement entropy in (a) and mutual information in (b) in the regime
T ∈ [20, 100]. Here we consider open boundary condition with p1 = p2 = 0.3.
1 2 3 4
Figure 10. The schematics for the non-unitary fermionic dy-
namics with 4 sites. The blue blocks Uij are two-qubit uni-
tary gates defined in Eq.(C2). The orange block denotes a
non-unitary single qubit gate exp(−βn). This gate can in-
duce nonzero correlation/entanglement between the first and
fourth qubits.
Appendix D: Cardy-Calabrese formalism
According to Cardy-Calabrese formalism[45, 46], the
entanglement entropy of the wave function
|ψ(T )〉 = e
−THCFT
√
Z
|ψ0〉 (D1)
for a 1 + 1d CFT can be mapped to the correlation func-
tion for twist fields, i.e.,
TrρnA = 〈Tn(z1, z¯1) . . . Tn(zm, z¯m)〉 (D2)
where ρA is the reduced density matrix for subsystem and
Tn is the twist field operator with conformal dimension
∆n = ∆n =
c
24 (n − 1n ). The number of the twist field
is determined by the geometry of the system and sub-
system. These twist fields behave as the primary fields
12
under conformal mapping and satisfy
〈Tn(z1, z¯1) . . . Tn(zm, z¯m)〉
=
∣∣∣∣∂w∂z
∣∣∣∣2∆n
z1
. . .
∣∣∣∣∂w∂z
∣∣∣∣2∆n
zm
〈Tn(w1, w¯1) . . . Tn(wm, w¯m)〉.
(D3)
Below we consider several simple geometries we are in-
terested in this paper.
Infinite plane: Here we compute the steady state en-
tanglement entropy for a single interval of an infinite long
system. This corresponds to a simple infinite plane ge-
ometry with L, T →∞. According to Eq.(D2), we have
TrρnA = 〈Tn(z1, z¯1) . . . Tn(zm, z¯m)〉C =
(
1
LA
)4∆n
(D4)
where 〈·〉 is defined on the infinite plane and LA is the
distance between two twist fields, which corresponds to
the length of the subsystem. The Renyi entropy is equal
to
Sn ≡ 1
1− n log Trρ
n
A =
c
6
(
1 +
1
n
)
logLA. (D5)
Infinite cylinder: Here we compute the steady state
entanglement entropy for a single interval of one dimen-
sional system with periodic boundary condition. This ge-
ometry corresponds to an infinite cylinder with the length
T =∞ and circumference L. As shown in Fig. 11(a), the
correlation function defined on the infinite cylinder can
be computed by mapping it to a complex plane. By using
Eq.(D3), we have
TrρnA = 〈Tn(z1, z1)Tn(z2, z2)〉 =
(
2pi
L
)4∆n 1
(2 sin piLAL )
4∆n
(D6)
where 〈·〉 is defined on the infinite cylinder. Thus we have
Sn =
c
6
(
1 +
1
n
)
log
[
L
pi
sin
(
piLA
L
)]
. (D7)
We further compute mutual information between two in-
tervals A and B for the steady state with periodic bound-
ary condition. This is related with a four point correla-
tion function,
TrρnA∪B
TrρnATrρ
n
B
=
〈Tn(z1, z1)Tn(z2, z2)Tn(z3, z3)Tn(z4, z4)〉
〈Tn(z1, z1)Tn(z2, z2)〉〈Tn(z3, z3)Tn(z4, z4)〉
=
〈Tn(w1, w1)Tn(w2, w2)Tn(w3, w3)Tn(w4, w4)〉
〈Tn(w1, w1)Tn(w2, w2)〉〈Tn(w3, w3)Tn(w4, w4)〉
= F (η). (D8)
Therefore the mutual information is a function of cross
ratio η, which is defined as
η ≡ z12z34
z13z24
(D9)
with zij = sin(pi|zi − zj |/L).
Infinite strip: Here we compute the steady state entan-
glement entropy for a single interval of one dimensional
system with open boundary. As shown in Fig. 11(b), this
requires us to compute the single point correlation func-
tion 〈Tn(z1, z1)〉 defined on an infinite strip, which can
be evaluated by mapping it to 〈Tn(w1, w1)〉UHP defined
on the upper half plane (UHP). Notice that
〈Tn(w1, w1)〉UHP = 〈Tn(w1)Tn(w1)〉C (D10)
where 〈·〉 on the righthand side is defined on the complex
plane and Tn(w1) is the image of Tn(w1). We have
TrρnA =
(pi
L
)2∆n (
2 sin
piLA
L
)−2∆n
, (D11)
which leads to
Sn =
c
12
(
1 +
1
n
)
log
[
2L
pi
sin
(
piLA
L
)]
. (D12)
Semi-infinite strip: Here we compute the entanglement
dynamics for a single interval of an infinite long system
with open boundary. As shown in Fig. 11(c), this corre-
sponds to evaluate the single point correlation function
defined on the semi-infinite strip, which reads
TrρnA =
( pi
4T
)2∆n
tanh−2∆n
(
piLA
2T
)
. (D13)
In the limit T  LA, we have
Sn =
c
12
(
1 +
1
n
)
logLA; (D14)
In the limit LA  T , we have
Sn =
c
12
(
1 +
1
n
)
log T (D15)
Rectangle geometry: Finally we consider the entan-
glement dynamics for a single interval of finite system
with open boundary. As shown in Fig. 11(d), this
corresponds to evaluate the single point correlation
function defined on the rectangle. The conformal
mapping from a rectangle to UHP is described by
the Jacobi elliptic function sn(z|m). As shown in
Fig. 11(e), under this mapping, the four corners
[−K(m) + iK(1−m),−K(m),K(m),K(m) + iK(1−m)]
of the rectangle map to the four points on the real axis.
K(m) is the complete elliptic integrable of the first kind
K(m) ≡
∫ 1
0
dt√
(1− t2)(1−mt2) . (D16)
The aspect ratio of the rectangle is 2K(m)/K(1−m).
In our numerical simulation, the rectangle has length
2T and height L. The aspect ratio is defined as
τ = a
2T
L
=
2Y
L
, (D17)
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z2
<latexit sha1_base64="mhWh+7ZOm5KKQiv pnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutm E3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxq hlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bn IKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY2 6eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7Eja imjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnn zmGP3I+fwAQQo2j</latexit><latexit sha1_base64="mhWh+7ZOm5KKQiv pnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutm E3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxq hlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bn IKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY2 6eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7Eja imjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnn zmGP3I+fwAQQo2j</latexit><latexit sha1_base64="mhWh+7ZOm5KKQiv pnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutm E3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxq hlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bn IKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY2 6eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7Eja imjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnn zmGP3I+fwAQQo2j</latexit><latexit sha1_base64="mhWh+7ZOm5KKQiv pnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutm E3YlQQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxq hlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bn IKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY2 6eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7Eja imjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnn zmGP3I+fwAQQo2j</latexit>
w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/E yoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/E yoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/E yoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/E yoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>
w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+Z lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+Z lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+Z lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9a vWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9f Yj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+Z lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>
| 0i
<latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz 2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav 5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPl46Sjg==</latexit ><latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz 2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav 5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPl46Sjg==</latexit ><latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz 2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav 5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPl46Sjg==</latexit ><latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9a vWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz 2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav 5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPl46Sjg==</latexit >
h 0|
<latexit sha1_base6 4="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB 9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9 OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvP lv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3 iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3 AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV 71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74m MRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTz RWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVs iF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGt xAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzuc PjmuSiA==</latexit><latexit sha1_base6 4="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB 9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9 OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvP lv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3 iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3 AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV 71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74m MRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTz RWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVs iF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGt xAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzuc PjmuSiA==</latexit><latexit sha1_base6 4="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB 9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9 OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvP lv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3 iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3 AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV 71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74m MRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTz RWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVs iF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGt xAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzuc PjmuSiA==</latexit><latexit sha1_base6 4="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB 9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9 OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvP lv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3 iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3 AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV 71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74m MRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTz RWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVs iF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGt xAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzuc PjmuSiA==</latexit>
Sp
ac
e 
Time  
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<latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit><latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit><latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit><latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit>
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<latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit><latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit><latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit><latexit sha1_base64="nazpyKv2eg7p24k kvqKumrn15Aw=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbiyJCLosFqTLCr1BG8NkOm2HTiZ hZiKWkFdx40IRt76IO9/GaZuFtv4w8PGfczhn/iDmTGnH+bbW1jc2t7YLO8Xdvf2DQ/uo1FZRI gltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKnN6p1HKhWLRFNPY+qFeCTYkBGsjeXbJfqQXjRR3U/ 7MkS1u2aW+XbZqThzoVVwcyhDroZvf/UHEUlCKjThWKme68TaS7HUjHCaFfuJojEmEzyiPYMCh 1R56fz2DJ0ZZ4CGkTRPaDR3f0+kOFRqGgamM8R6rJZrM/O/Wi/RwxsvZSJONBVksWiYcKQjNAs CDZikRPOpAUwkM7ciMsYSE23iKpoQ3OUvr0L7suIavr8qV2/zOApwAqdwDi5cQxXq0IAWEHiCZ 3iFNyuzXqx362PRumblM8fwR9bnD7X1k5I=</latexit>
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w<latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa +sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH /kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa +sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH /kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa +sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH /kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa +sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH /kfP4A5LeM+w==</latexit>
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<latexit sha1_base64="seJTbJCmAzqFJLGSqD+D2UanTAI=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFdlRgTdCEU3LlxUsBfojCWTZtrQzIUko9Qw4Ku4caGIW5/DnW9jello6w+Bj/+cwzn5g5QzqRzn2 yosLC4trxRXS2vrG5tb9vZOQyaZILROEp6IVoAl5SymdcUUp61UUBwFnDaDweWo3rynQrIkvlXDlPoR7sUsZAQrY3XsvYdzeqe9UGCivZShx1xf53nHLjsVZyw0D+4UyjBVrWN/ed2EZBGNFeFYyrbrpMrXWChGOM1LXiZpiskA92jbYIwjKn09Pj9Hh8bpojAR5sUKjd3fExpHUg6jwHRGWPXlbG1k/ldrZyo88zWL00zRmEwWhRlHKkGjLFCXCUoUHxrARDBzKyJ9bKJQJrGSCcGd/fI8NI4rruGbk3L1YhpHEfbhAI7AhVOowhXUoA 4ENDzDK7xZT9aL9W59TFoL1nRmF/7I+vwBrD2V7w==</latexit><latexit sha1_base64="seJTbJCmAzqFJLGSqD+D2UanTAI=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFdlRgTdCEU3LlxUsBfojCWTZtrQzIUko9Qw4Ku4caGIW5/DnW9jello6w+Bj/+cwzn5g5QzqRzn2 yosLC4trxRXS2vrG5tb9vZOQyaZILROEp6IVoAl5SymdcUUp61UUBwFnDaDweWo3rynQrIkvlXDlPoR7sUsZAQrY3XsvYdzeqe9UGCivZShx1xf53nHLjsVZyw0D+4UyjBVrWN/ed2EZBGNFeFYyrbrpMrXWChGOM1LXiZpiskA92jbYIwjKn09Pj9Hh8bpojAR5sUKjd3fExpHUg6jwHRGWPXlbG1k/ldrZyo88zWL00zRmEwWhRlHKkGjLFCXCUoUHxrARDBzKyJ9bKJQJrGSCcGd/fI8NI4rruGbk3L1YhpHEfbhAI7AhVOowhXUoA 4ENDzDK7xZT9aL9W59TFoL1nRmF/7I+vwBrD2V7w==</latexit><latexit sha1_base64="seJTbJCmAzqFJLGSqD+D2UanTAI=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFdlRgTdCEU3LlxUsBfojCWTZtrQzIUko9Qw4Ku4caGIW5/DnW9jello6w+Bj/+cwzn5g5QzqRzn2 yosLC4trxRXS2vrG5tb9vZOQyaZILROEp6IVoAl5SymdcUUp61UUBwFnDaDweWo3rynQrIkvlXDlPoR7sUsZAQrY3XsvYdzeqe9UGCivZShx1xf53nHLjsVZyw0D+4UyjBVrWN/ed2EZBGNFeFYyrbrpMrXWChGOM1LXiZpiskA92jbYIwjKn09Pj9Hh8bpojAR5sUKjd3fExpHUg6jwHRGWPXlbG1k/ldrZyo88zWL00zRmEwWhRlHKkGjLFCXCUoUHxrARDBzKyJ9bKJQJrGSCcGd/fI8NI4rruGbk3L1YhpHEfbhAI7AhVOowhXUoA 4ENDzDK7xZT9aL9W59TFoL1nRmF/7I+vwBrD2V7w==</latexit><latexit sha1_base64="seJTbJCmAzqFJLGSqD+D2UanTAI=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFdlRgTdCEU3LlxUsBfojCWTZtrQzIUko9Qw4Ku4caGIW5/DnW9jello6w+Bj/+cwzn5g5QzqRzn2 yosLC4trxRXS2vrG5tb9vZOQyaZILROEp6IVoAl5SymdcUUp61UUBwFnDaDweWo3rynQrIkvlXDlPoR7sUsZAQrY3XsvYdzeqe9UGCivZShx1xf53nHLjsVZyw0D+4UyjBVrWN/ed2EZBGNFeFYyrbrpMrXWChGOM1LXiZpiskA92jbYIwjKn09Pj9Hh8bpojAR5sUKjd3fExpHUg6jwHRGWPXlbG1k/ldrZyo88zWL00zRmEwWhRlHKkGjLFCXCUoUHxrARDBzKyJ9bKJQJrGSCcGd/fI8NI4rruGbk3L1YhpHEfbhAI7AhVOowhXUoA 4ENDzDK7xZT9aL9W59TFoL1nRmF/7I+vwBrD2V7w==</latexit>
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<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+K ePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1 KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+K ePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1 KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+K ePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1 KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+K ePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1 KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>
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<latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFl dW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO /Ox7y14OQzh/BHzucPl46Sjg==</latexit><latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFl dW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO /Ox7y14OQzh/BHzucPl46Sjg==</latexit><latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFl dW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO /Ox7y14OQzh/BHzucPl46Sjg==</latexit><latexit sha1_base64="E9EnpuS3HJyEeExVYrTDjlb9mUs=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFl dW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ9RY6/6pm2jec7uKyoHAXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO /Ox7y14OQzh/BHzucPl46Sjg==</latexit>
h 0|
<latexit sha1_base64="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB9XicbZBNS8NAEIYn9avWr6pHL 4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5 wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPjmuSiA==</latexit><latexit sha1_base64="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB9XicbZBNS8NAEIYn9avWr6pHL 4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5 wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPjmuSiA==</latexit><latexit sha1_base64="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB9XicbZBNS8NAEIYn9avWr6pHL 4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5 wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPjmuSiA==</latexit><latexit sha1_base64="FzaZnxx2+YyJBcanysZgzQt3f5A=">AAAB9XicbZBNS8NAEIYn9avWr6pHL 4tF8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYpsf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hpabz2g0jyWd2acoB/RgeQhZ 9RY674rqBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2bu74mMRlqPo8B2RtQM9WJtav5X66QmvPQzLpPUoGTzRWEqiInJNALS5 wqZEWMLlClubyVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXeVxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i8OO/Ox7y14OQzh/BHzucPjmuSiA==</latexit>
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<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3 +BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjv Vybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3 +BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjv Vybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3 +BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjv Vybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3 +BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjv Vybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit> w<latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsT IfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsT IfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsT IfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsT IfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit>
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⌘
<latexit sha1_base64="/RCHVPoNC8FBXMbeniN8q1GQqXk=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm6EohuXFfqCzlAyaaYNzWSG5I5Sh36AG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8 WPBNdj2t5VbWV1b38hvFra2d3b3ivsHLR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+6Hrqt++Y0jySDRjHzAvJQPKAUwJG6hVL95eu5tIVLICyGyhCUzfm+GGSVhsTV/HBEE5Nyq7YM+Bl4mSkhDLUe8Uvtx/RJGQSqCBadx07Bi8lCjgVbFJwE81iQkdkwLqGShIy7aWzYyb4xCh9HETKPAl4pv6eSEmo9Tj0TTIkMNSL3lT8z+smEFx4KZdxAkzS+aIgERgiPG0G97liFMTYEEIVN3/FdEhMI2D6K5gSnMWTl 0mrWnEMvz0r1a6yOvLoCB2jMnLQOaqhG1RHTUTRI3pGr+jNerJerHfrYx7NWdnMIfoD6/MHzzGbcg==</latexit><latexit sha1_base64="/RCHVPoNC8FBXMbeniN8q1GQqXk=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm6EohuXFfqCzlAyaaYNzWSG5I5Sh36AG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8 WPBNdj2t5VbWV1b38hvFra2d3b3ivsHLR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+6Hrqt++Y0jySDRjHzAvJQPKAUwJG6hVL95eu5tIVLICyGyhCUzfm+GGSVhsTV/HBEE5Nyq7YM+Bl4mSkhDLUe8Uvtx/RJGQSqCBadx07Bi8lCjgVbFJwE81iQkdkwLqGShIy7aWzYyb4xCh9HETKPAl4pv6eSEmo9Tj0TTIkMNSL3lT8z+smEFx4KZdxAkzS+aIgERgiPG0G97liFMTYEEIVN3/FdEhMI2D6K5gSnMWTl 0mrWnEMvz0r1a6yOvLoCB2jMnLQOaqhG1RHTUTRI3pGr+jNerJerHfrYx7NWdnMIfoD6/MHzzGbcg==</latexit><latexit sha1_base64="/RCHVPoNC8FBXMbeniN8q1GQqXk=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm6EohuXFfqCzlAyaaYNzWSG5I5Sh36AG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8 WPBNdj2t5VbWV1b38hvFra2d3b3ivsHLR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+6Hrqt++Y0jySDRjHzAvJQPKAUwJG6hVL95eu5tIVLICyGyhCUzfm+GGSVhsTV/HBEE5Nyq7YM+Bl4mSkhDLUe8Uvtx/RJGQSqCBadx07Bi8lCjgVbFJwE81iQkdkwLqGShIy7aWzYyb4xCh9HETKPAl4pv6eSEmo9Tj0TTIkMNSL3lT8z+smEFx4KZdxAkzS+aIgERgiPG0G97liFMTYEEIVN3/FdEhMI2D6K5gSnMWTl 0mrWnEMvz0r1a6yOvLoCB2jMnLQOaqhG1RHTUTRI3pGr+jNerJerHfrYx7NWdnMIfoD6/MHzzGbcg==</latexit><latexit sha1_base64="/RCHVPoNC8FBXMbeniN8q1GQqXk=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm6EohuXFfqCzlAyaaYNzWSG5I5Sh36AG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8 WPBNdj2t5VbWV1b38hvFra2d3b3ivsHLR0lirImjUSkOj7RTHDJmsBBsE6sGAl9wdr+6Hrqt++Y0jySDRjHzAvJQPKAUwJG6hVL95eu5tIVLICyGyhCUzfm+GGSVhsTV/HBEE5Nyq7YM+Bl4mSkhDLUe8Uvtx/RJGQSqCBadx07Bi8lCjgVbFJwE81iQkdkwLqGShIy7aWzYyb4xCh9HETKPAl4pv6eSEmo9Tj0TTIkMNSL3lT8z+smEFx4KZdxAkzS+aIgERgiPG0G97liFMTYEEIVN3/FdEhMI2D6K5gSnMWTl 0mrWnEMvz0r1a6yOvLoCB2jMnLQOaqhG1RHTUTRI3pGr+jNerJerHfrYx7NWdnMIfoD6/MHzzGbcg==</latexit>
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h 0|
<latexit sha1_bas e64="FzaZnxx2+YyJBcanysZgzQt3f5A= ">AAAB9XicbZBNS8NAEIYn9avWr6pHL4t F8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYp sf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb 5AIro3rfjuFldW19Y3iZmlre2d3r7x/0N Rxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlv B6Hpabz2g0jyWd2acoB/RgeQhZ9RY674r qBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2b u74mMRlqPo8B2RtQM9WJtav5X66QmvPQz LpPUoGTzRWEqiInJNALS5wqZEWMLlClub yVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXe VxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i 8OO/Ox7y14OQzh/BHzucPjmuSiA==</la texit><latexit sha1_bas e64="FzaZnxx2+YyJBcanysZgzQt3f5A= ">AAAB9XicbZBNS8NAEIYn9avWr6pHL4t F8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYp sf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb 5AIro3rfjuFldW19Y3iZmlre2d3r7x/0N Rxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlv B6Hpabz2g0jyWd2acoB/RgeQhZ9RY674r qBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2b u74mMRlqPo8B2RtQM9WJtav5X66QmvPQz LpPUoGTzRWEqiInJNALS5wqZEWMLlClub yVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXe VxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i 8OO/Ox7y14OQzh/BHzucPjmuSiA==</la texit><latexit sha1_bas e64="FzaZnxx2+YyJBcanysZgzQt3f5A= ">AAAB9XicbZBNS8NAEIYn9avWr6pHL4t F8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYp sf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb 5AIro3rfjuFldW19Y3iZmlre2d3r7x/0N Rxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlv B6Hpabz2g0jyWd2acoB/RgeQhZ9RY674r qBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2b u74mMRlqPo8B2RtQM9WJtav5X66QmvPQz LpPUoGTzRWEqiInJNALS5wqZEWMLlClub yVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXe VxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i 8OO/Ox7y14OQzh/BHzucPjmuSiA==</la texit><latexit sha1_bas e64="FzaZnxx2+YyJBcanysZgzQt3f5A= ">AAAB9XicbZBNS8NAEIYn9avWr6pHL4t F8FQSEfRY9OKxgv2ANpbNdtIu3WzC7kYp sf/DiwdFvPpfvPlv3LY5aOsLCw/vzDCzb 5AIro3rfjuFldW19Y3iZmlre2d3r7x/0N Rxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlv B6Hpabz2g0jyWd2acoB/RgeQhZ9RY674r qBwI7Caa99ynXrniVt2ZyDJ4OVQgV71X/ ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxo SyER1gx6KkEWo/m109ISfW6ZMwVvZJQ2b u74mMRlqPo8B2RtQM9WJtav5X66QmvPQz LpPUoGTzRWEqiInJNALS5wqZEWMLlClub yVsSBVlxgZVsiF4i19ehuZZ1bN8e16pXe VxFOEIjuEUPLiAGtxAHRrAQMEzvMKb8+i 8OO/Ox7y14OQzh/BHzucPjmuSiA==</la texit>
w = sn( z|m)
<latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7Ts MwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBE gRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA 9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwdFGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6i iBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit><latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7Ts MwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBE gRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA 9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwdFGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6i iBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit><latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7Ts MwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBE gRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA 9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwdFGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6i iBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit><latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7Ts MwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBE gRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA 9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwdFGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6i iBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit>
(d)
UHP
w<latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7 emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3L iu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7 emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3L iu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7 emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3L iu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7 emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3L iu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit>
z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9m E3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3S kLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9m E3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3S kLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9m E3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3S kLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9m E3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3S kLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>
K(m)
<latexit sha1_base64="IAtSPFfqazOHglRxVwZgJR84MCk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXRTeCmwr2Au1QMmmmDU0yQ5IRytBXcONCEbe+kDvfxsx0Ftr6Q+DjP+eQc/4g5kwb1/12SmvrG5tb5e3Kzu7e/kH18Kijo0QR2iYRj1 QvwJpyJmnbMMNpL1YUi4DTbjC9zerdJ6o0i+SjmcXUF3gsWcgINpl1Xxfnw2rNbbi50Cp4BdSgUGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+xYlFlT7ab7rHJ1ZZ4TCSNknDcrd3xMpFlrPRGA7BTYTvVzLzP9q/cSE137KZJwYKsniozDhyEQoOxyNmKLE8JkFTBSzuyIywQoTY+Op2BC85ZNXoXPR8Cw/XNaaN0UcZTiBU6iDB1fQhDtoQRsITOAZXuHNEc6L8+58LFpLTjFzDH/kfP4AMm2Nqw==</latexit><latexit sha1_base64="IAtSPFfqazOHglRxVwZgJR84MCk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXRTeCmwr2Au1QMmmmDU0yQ5IRytBXcONCEbe+kDvfxsx0Ftr6Q+DjP+eQc/4g5kwb1/12SmvrG5tb5e3Kzu7e/kH18Kijo0QR2iYRj1 QvwJpyJmnbMMNpL1YUi4DTbjC9zerdJ6o0i+SjmcXUF3gsWcgINpl1Xxfnw2rNbbi50Cp4BdSgUGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+xYlFlT7ab7rHJ1ZZ4TCSNknDcrd3xMpFlrPRGA7BTYTvVzLzP9q/cSE137KZJwYKsniozDhyEQoOxyNmKLE8JkFTBSzuyIywQoTY+Op2BC85ZNXoXPR8Cw/XNaaN0UcZTiBU6iDB1fQhDtoQRsITOAZXuHNEc6L8+58LFpLTjFzDH/kfP4AMm2Nqw==</latexit><latexit sha1_base64="IAtSPFfqazOHglRxVwZgJR84MCk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXRTeCmwr2Au1QMmmmDU0yQ5IRytBXcONCEbe+kDvfxsx0Ftr6Q+DjP+eQc/4g5kwb1/12SmvrG5tb5e3Kzu7e/kH18Kijo0QR2iYRj1 QvwJpyJmnbMMNpL1YUi4DTbjC9zerdJ6o0i+SjmcXUF3gsWcgINpl1Xxfnw2rNbbi50Cp4BdSgUGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+xYlFlT7ab7rHJ1ZZ4TCSNknDcrd3xMpFlrPRGA7BTYTvVzLzP9q/cSE137KZJwYKsniozDhyEQoOxyNmKLE8JkFTBSzuyIywQoTY+Op2BC85ZNXoXPR8Cw/XNaaN0UcZTiBU6iDB1fQhDtoQRsITOAZXuHNEc6L8+58LFpLTjFzDH/kfP4AMm2Nqw==</latexit><latexit sha1_base64="IAtSPFfqazOHglRxVwZgJR84MCk=">AAAB63icbZDLSgMxFIbP1Futt6pLN8Ei1E2ZEUGXRTeCmwr2Au1QMmmmDU0yQ5IRytBXcONCEbe+kDvfxsx0Ftr6Q+DjP+eQc/4g5kwb1/12SmvrG5tb5e3Kzu7e/kH18Kijo0QR2iYRj1 QvwJpyJmnbMMNpL1YUi4DTbjC9zerdJ6o0i+SjmcXUF3gsWcgINpl1Xxfnw2rNbbi50Cp4BdSgUGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+xYlFlT7ab7rHJ1ZZ4TCSNknDcrd3xMpFlrPRGA7BTYTvVzLzP9q/cSE137KZJwYKsniozDhyEQoOxyNmKLE8JkFTBSzuyIywQoTY+Op2BC85ZNXoXPR8Cw/XNaaN0UcZTiBU6iDB1fQhDtoQRsITOAZXuHNEc6L8+58LFpLTjFzDH/kfP4AMm2Nqw==</latexit>
 K(m)
<latexit sha1_base64="pTIfJNRZVTGNxAJaKPU3YeTpffo=">AAAB7HicbZDNSgMxFIXv1L9a/6ou3QSLUBeWmSLosuhGcF PBaQvtUDJppg1NMkOSEcrQZ3DjQhG3PpA738a0nYW2Hgh8nHsvufeECWfauO63U1hb39jcKm6Xdnb39g/Kh0ctHaeKUJ/EPFadEGvKmaS+YYbTTqIoFiGn7XB8O6u3n6jSLJaPZpLQQOChZBEj2FjLv7ivivN+ueLW3LnQKng5VCBXs1/+6g1ikgoqDeFY667nJ ibIsDKMcDot9VJNE0zGeEi7FiUWVAfZfNkpOrPOAEWxsk8aNHd/T2RYaD0Roe0U2Iz0cm1m/lfrpia6DjImk9RQSRYfRSlHJkazy9GAKUoMn1jARDG7KyIjrDAxNp+SDcFbPnkVWvWaZ/nhstK4yeMowgmcQhU8uIIG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf +R8/gCcP43i</latexit><latexit sha1_base64="pTIfJNRZVTGNxAJaKPU3YeTpffo=">AAAB7HicbZDNSgMxFIXv1L9a/6ou3QSLUBeWmSLosuhGcF PBaQvtUDJppg1NMkOSEcrQZ3DjQhG3PpA738a0nYW2Hgh8nHsvufeECWfauO63U1hb39jcKm6Xdnb39g/Kh0ctHaeKUJ/EPFadEGvKmaS+YYbTTqIoFiGn7XB8O6u3n6jSLJaPZpLQQOChZBEj2FjLv7ivivN+ueLW3LnQKng5VCBXs1/+6g1ikgoqDeFY667nJ ibIsDKMcDot9VJNE0zGeEi7FiUWVAfZfNkpOrPOAEWxsk8aNHd/T2RYaD0Roe0U2Iz0cm1m/lfrpia6DjImk9RQSRYfRSlHJkazy9GAKUoMn1jARDG7KyIjrDAxNp+SDcFbPnkVWvWaZ/nhstK4yeMowgmcQhU8uIIG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf +R8/gCcP43i</latexit><latexit sha1_base64="pTIfJNRZVTGNxAJaKPU3YeTpffo=">AAAB7HicbZDNSgMxFIXv1L9a/6ou3QSLUBeWmSLosuhGcF PBaQvtUDJppg1NMkOSEcrQZ3DjQhG3PpA738a0nYW2Hgh8nHsvufeECWfauO63U1hb39jcKm6Xdnb39g/Kh0ctHaeKUJ/EPFadEGvKmaS+YYbTTqIoFiGn7XB8O6u3n6jSLJaPZpLQQOChZBEj2FjLv7ivivN+ueLW3LnQKng5VCBXs1/+6g1ikgoqDeFY667nJ ibIsDKMcDot9VJNE0zGeEi7FiUWVAfZfNkpOrPOAEWxsk8aNHd/T2RYaD0Roe0U2Iz0cm1m/lfrpia6DjImk9RQSRYfRSlHJkazy9GAKUoMn1jARDG7KyIjrDAxNp+SDcFbPnkVWvWaZ/nhstK4yeMowgmcQhU8uIIG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf +R8/gCcP43i</latexit><latexit sha1_base64="pTIfJNRZVTGNxAJaKPU3YeTpffo=">AAAB7HicbZDNSgMxFIXv1L9a/6ou3QSLUBeWmSLosuhGcF PBaQvtUDJppg1NMkOSEcrQZ3DjQhG3PpA738a0nYW2Hgh8nHsvufeECWfauO63U1hb39jcKm6Xdnb39g/Kh0ctHaeKUJ/EPFadEGvKmaS+YYbTTqIoFiGn7XB8O6u3n6jSLJaPZpLQQOChZBEj2FjLv7ivivN+ueLW3LnQKng5VCBXs1/+6g1ikgoqDeFY667nJ ibIsDKMcDot9VJNE0zGeEi7FiUWVAfZfNkpOrPOAEWxsk8aNHd/T2RYaD0Roe0U2Iz0cm1m/lfrpia6DjImk9RQSRYfRSlHJkazy9GAKUoMn1jARDG7KyIjrDAxNp+SDcFbPnkVWvWaZ/nhstK4yeMowgmcQhU8uIIG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf +R8/gCcP43i</latexit>
 K(m) + iK(1 m)
<latexit sha1_base64="+vlqevEaBxiKkKM+TOvZDoj5cIc=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEFmmZEUGXRTdCNxXsBdqhZNJMG5pkxi RTKKXP4caFIm59GHe+jWk7C239IfDxn3M4J38Qc6aN6347a+sbm1vbmZ3s7t7+wWHu6Liho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8m9WbI6o0i+SjGcfUF7gvWcgINtbyS9WCKF6wasEriWI3l3fL7lxoFbwU8pCq1s19dXoRSQSVhnCsddtzY+NPsDKMcDrNdhJNY0yGuE/bFiUWVPuT+dFTdG6d HgojZZ80aO7+nphgofVYBLZTYDPQy7WZ+V+tnZjwxp8wGSeGSrJYFCYcmQjNEkA9pigxfGwBE8XsrYgMsMLE2JyyNgRv+cur0Lgse5YfrvKV2zSODJzCGRTAg2uowD3UoA4EnuAZXuHNGTkvzrvzsWhdc9KZE/gj5/MH1UOQLQ==</latexit><latexit sha1_base64="+vlqevEaBxiKkKM+TOvZDoj5cIc=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEFmmZEUGXRTdCNxXsBdqhZNJMG5pkxi RTKKXP4caFIm59GHe+jWk7C239IfDxn3M4J38Qc6aN6347a+sbm1vbmZ3s7t7+wWHu6Liho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8m9WbI6o0i+SjGcfUF7gvWcgINtbyS9WCKF6wasEriWI3l3fL7lxoFbwU8pCq1s19dXoRSQSVhnCsddtzY+NPsDKMcDrNdhJNY0yGuE/bFiUWVPuT+dFTdG6d HgojZZ80aO7+nphgofVYBLZTYDPQy7WZ+V+tnZjwxp8wGSeGSrJYFCYcmQjNEkA9pigxfGwBE8XsrYgMsMLE2JyyNgRv+cur0Lgse5YfrvKV2zSODJzCGRTAg2uowD3UoA4EnuAZXuHNGTkvzrvzsWhdc9KZE/gj5/MH1UOQLQ==</latexit><latexit sha1_base64="+vlqevEaBxiKkKM+TOvZDoj5cIc=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEFmmZEUGXRTdCNxXsBdqhZNJMG5pkxi RTKKXP4caFIm59GHe+jWk7C239IfDxn3M4J38Qc6aN6347a+sbm1vbmZ3s7t7+wWHu6Liho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8m9WbI6o0i+SjGcfUF7gvWcgINtbyS9WCKF6wasEriWI3l3fL7lxoFbwU8pCq1s19dXoRSQSVhnCsddtzY+NPsDKMcDrNdhJNY0yGuE/bFiUWVPuT+dFTdG6d HgojZZ80aO7+nphgofVYBLZTYDPQy7WZ+V+tnZjwxp8wGSeGSrJYFCYcmQjNEkA9pigxfGwBE8XsrYgMsMLE2JyyNgRv+cur0Lgse5YfrvKV2zSODJzCGRTAg2uowD3UoA4EnuAZXuHNGTkvzrvzsWhdc9KZE/gj5/MH1UOQLQ==</latexit><latexit sha1_base64="+vlqevEaBxiKkKM+TOvZDoj5cIc=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEFmmZEUGXRTdCNxXsBdqhZNJMG5pkxi RTKKXP4caFIm59GHe+jWk7C239IfDxn3M4J38Qc6aN6347a+sbm1vbmZ3s7t7+wWHu6Liho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8m9WbI6o0i+SjGcfUF7gvWcgINtbyS9WCKF6wasEriWI3l3fL7lxoFbwU8pCq1s19dXoRSQSVhnCsddtzY+NPsDKMcDrNdhJNY0yGuE/bFiUWVPuT+dFTdG6d HgojZZ80aO7+nphgofVYBLZTYDPQy7WZ+V+tnZjwxp8wGSeGSrJYFCYcmQjNEkA9pigxfGwBE8XsrYgMsMLE2JyyNgRv+cur0Lgse5YfrvKV2zSODJzCGRTAg2uowD3UoA4EnuAZXuHNGTkvzrvzsWhdc9KZE/gj5/MH1UOQLQ==</latexit>
K(m) + iK(1 m)
<latexit sha1_base64="Z+qKvm2zgaaGFyAgbWRoKlNG9m0=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EitIhlRgRdFt0I3VSwF2iHkkkzbWiSGZKMUIa+hhsXirj1Zdz5NqbtLLT1h8DHf87hnPxBzJk2rvvt5NbWNza38tuFnd29/YPi4VFLR4kitEkiHqlOgDXlTNKmYYbTTqwoFgGn7W B8N6u3n6jSLJKPZhJTX+ChZCEj2FirVy+Lyjmrl70LUekXS27VnQutgpdBCTI1+sWv3iAiiaDSEI617npubPwUK8MIp9NCL9E0xmSMh7RrUWJBtZ/Ob56iM+sMUBgp+6RBc/f3RIqF1hMR2E6BzUgv12bmf7VuYsIbP2UyTgyVZLEoTDgyEZoFgAZMUWL4xAImitlbERlhhYmxMRVsCN7yl1ehdVn1LD9clWq3WRx5OIFTKIMH11CDe2hAEwjE8Ayv8OYkzovz7nwsWnNONnMMf+R8/gBp+Y/2</latexit><latexit sha1_base64="Z+qKvm2zgaaGFyAgbWRoKlNG9m0=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EitIhlRgRdFt0I3VSwF2iHkkkzbWiSGZKMUIa+hhsXirj1Zdz5NqbtLLT1h8DHf87hnPxBzJk2rvvt5NbWNza38tuFnd29/YPi4VFLR4kitEkiHqlOgDXlTNKmYYbTTqwoFgGn7W B8N6u3n6jSLJKPZhJTX+ChZCEj2FirVy+Lyjmrl70LUekXS27VnQutgpdBCTI1+sWv3iAiiaDSEI617npubPwUK8MIp9NCL9E0xmSMh7RrUWJBtZ/Ob56iM+sMUBgp+6RBc/f3RIqF1hMR2E6BzUgv12bmf7VuYsIbP2UyTgyVZLEoTDgyEZoFgAZMUWL4xAImitlbERlhhYmxMRVsCN7yl1ehdVn1LD9clWq3WRx5OIFTKIMH11CDe2hAEwjE8Ayv8OYkzovz7nwsWnNONnMMf+R8/gBp+Y/2</latexit><latexit sha1_base64="Z+qKvm2zgaaGFyAgbWRoKlNG9m0=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EitIhlRgRdFt0I3VSwF2iHkkkzbWiSGZKMUIa+hhsXirj1Zdz5NqbtLLT1h8DHf87hnPxBzJk2rvvt5NbWNza38tuFnd29/YPi4VFLR4kitEkiHqlOgDXlTNKmYYbTTqwoFgGn7W B8N6u3n6jSLJKPZhJTX+ChZCEj2FirVy+Lyjmrl70LUekXS27VnQutgpdBCTI1+sWv3iAiiaDSEI617npubPwUK8MIp9NCL9E0xmSMh7RrUWJBtZ/Ob56iM+sMUBgp+6RBc/f3RIqF1hMR2E6BzUgv12bmf7VuYsIbP2UyTgyVZLEoTDgyEZoFgAZMUWL4xAImitlbERlhhYmxMRVsCN7yl1ehdVn1LD9clWq3WRx5OIFTKIMH11CDe2hAEwjE8Ayv8OYkzovz7nwsWnNONnMMf+R8/gBp+Y/2</latexit><latexit sha1_base64="Z+qKvm2zgaaGFyAgbWRoKlNG9m0=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EitIhlRgRdFt0I3VSwF2iHkkkzbWiSGZKMUIa+hhsXirj1Zdz5NqbtLLT1h8DHf87hnPxBzJk2rvvt5NbWNza38tuFnd29/YPi4VFLR4kitEkiHqlOgDXlTNKmYYbTTqwoFgGn7W B8N6u3n6jSLJKPZhJTX+ChZCEj2FirVy+Lyjmrl70LUekXS27VnQutgpdBCTI1+sWv3iAiiaDSEI617npubPwUK8MIp9NCL9E0xmSMh7RrUWJBtZ/Ob56iM+sMUBgp+6RBc/f3RIqF1hMR2E6BzUgv12bmf7VuYsIbP2UyTgyVZLEoTDgyEZoFgAZMUWL4xAImitlbERlhhYmxMRVsCN7yl1ehdVn1LD9clWq3WRx5OIFTKIMH11CDe2hAEwjE8Ayv8OYkzovz7nwsWnNONnMMf+R8/gBp+Y/2</latexit>
-1 1  1p
m
<latexit sha1_base64="IZvVDgfBBoIXT1vMJ043uyroaxQ=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QhDKZTtqhk0mcORFCiK/ixoUibn0Qd76N0zYLbf1h4OM /53DO/EEiuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mNxM691HpjSP5T1kCfMjMpI85JSAsQZ27cwLFaG5W+SeflCQR0UxsOtOw5kJL4NbQh2Vag3sL28Y0zRiEqggWvddJwE/Jwo4FayoeqlmCaETMmJ9g5JETPv57PgCnxhniMNYmScBz9zfEzmJtM6iwHRGBMZ6sTY1/6v1Uwiv/JzLJAUm6XxRmAoMMZ4mgYdcMQoiM0Co4uZWTMfEhAEmr 6oJwV388jJ0zhuu4buLevO6jKOCjtAxOkUuukRNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sj5/AFyllTo=</latexit><latexit sha1_base64="IZvVDgfBBoIXT1vMJ043uyroaxQ=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QhDKZTtqhk0mcORFCiK/ixoUibn0Qd76N0zYLbf1h4OM /53DO/EEiuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mNxM691HpjSP5T1kCfMjMpI85JSAsQZ27cwLFaG5W+SeflCQR0UxsOtOw5kJL4NbQh2Vag3sL28Y0zRiEqggWvddJwE/Jwo4FayoeqlmCaETMmJ9g5JETPv57PgCnxhniMNYmScBz9zfEzmJtM6iwHRGBMZ6sTY1/6v1Uwiv/JzLJAUm6XxRmAoMMZ4mgYdcMQoiM0Co4uZWTMfEhAEmr 6oJwV388jJ0zhuu4buLevO6jKOCjtAxOkUuukRNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sj5/AFyllTo=</latexit><latexit sha1_base64="IZvVDgfBBoIXT1vMJ043uyroaxQ=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QhDKZTtqhk0mcORFCiK/ixoUibn0Qd76N0zYLbf1h4OM /53DO/EEiuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mNxM691HpjSP5T1kCfMjMpI85JSAsQZ27cwLFaG5W+SeflCQR0UxsOtOw5kJL4NbQh2Vag3sL28Y0zRiEqggWvddJwE/Jwo4FayoeqlmCaETMmJ9g5JETPv57PgCnxhniMNYmScBz9zfEzmJtM6iwHRGBMZ6sTY1/6v1Uwiv/JzLJAUm6XxRmAoMMZ4mgYdcMQoiM0Co4uZWTMfEhAEmr 6oJwV388jJ0zhuu4buLevO6jKOCjtAxOkUuukRNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sj5/AFyllTo=</latexit><latexit sha1_base64="IZvVDgfBBoIXT1vMJ043uyroaxQ=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QhDKZTtqhk0mcORFCiK/ixoUibn0Qd76N0zYLbf1h4OM /53DO/EEiuAbH+bZWVtfWNzYrW9Xtnd29ffvgsKPjVFHWprGIVS8gmgkuWRs4CNZLFCNRIFg3mNxM691HpjSP5T1kCfMjMpI85JSAsQZ27cwLFaG5W+SeflCQR0UxsOtOw5kJL4NbQh2Vag3sL28Y0zRiEqggWvddJwE/Jwo4FayoeqlmCaETMmJ9g5JETPv57PgCnxhniMNYmScBz9zfEzmJtM6iwHRGBMZ6sTY1/6v1Uwiv/JzLJAUm6XxRmAoMMZ4mgYdcMQoiM0Co4uZWTMfEhAEmr 6oJwV388jJ0zhuu4buLevO6jKOCjtAxOkUuukRNdItaqI0oytAzekVv1pP1Yr1bH/PWFaucqaE/sj5/AFyllTo=</latexit>
1p
m
<latexit sha1_base64="MZdaXVf2es4VBzbHyE8yVYgm0/8=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLohuXFewF2qFk0kwbmmTGJCOWYV7FjQtF3Poi7nwb03YW2vpD4OM /53BO/jDhTBvP+3ZKa+sbm1vl7crO7t7+gXtYbes4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTm5m9c4jVZrF8t5MExoIPJIsYgQbaw3caj9SmGR+nvX1gzKZyPOBW/Pq3lxoFfwCalCoOXC/+sOYpIJKQzjWuud7iQkyrAwjnOaVfqppgskEj2jPosSC6iCb356jU+sMURQr+6RBc/f3RIaF1lMR2k6BzVgv12bmf7VeaqKrIGMySQ2VZLEoSjkyMZoFgYZMUWL41AImitlbERljG4axc VVsCP7yl1ehfV73Ld9d1BrXRRxlOIYTOAMfLqEBt9CEFhB4gmd4hTcnd16cd+dj0Vpyipkj+CPn8wfwE5UD</latexit><latexit sha1_base64="MZdaXVf2es4VBzbHyE8yVYgm0/8=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLohuXFewF2qFk0kwbmmTGJCOWYV7FjQtF3Poi7nwb03YW2vpD4OM /53BO/jDhTBvP+3ZKa+sbm1vl7crO7t7+gXtYbes4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTm5m9c4jVZrF8t5MExoIPJIsYgQbaw3caj9SmGR+nvX1gzKZyPOBW/Pq3lxoFfwCalCoOXC/+sOYpIJKQzjWuud7iQkyrAwjnOaVfqppgskEj2jPosSC6iCb356jU+sMURQr+6RBc/f3RIaF1lMR2k6BzVgv12bmf7VeaqKrIGMySQ2VZLEoSjkyMZoFgYZMUWL41AImitlbERljG4axc VVsCP7yl1ehfV73Ld9d1BrXRRxlOIYTOAMfLqEBt9CEFhB4gmd4hTcnd16cd+dj0Vpyipkj+CPn8wfwE5UD</latexit><latexit sha1_base64="MZdaXVf2es4VBzbHyE8yVYgm0/8=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLohuXFewF2qFk0kwbmmTGJCOWYV7FjQtF3Poi7nwb03YW2vpD4OM /53BO/jDhTBvP+3ZKa+sbm1vl7crO7t7+gXtYbes4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTm5m9c4jVZrF8t5MExoIPJIsYgQbaw3caj9SmGR+nvX1gzKZyPOBW/Pq3lxoFfwCalCoOXC/+sOYpIJKQzjWuud7iQkyrAwjnOaVfqppgskEj2jPosSC6iCb356jU+sMURQr+6RBc/f3RIaF1lMR2k6BzVgv12bmf7VeaqKrIGMySQ2VZLEoSjkyMZoFgYZMUWL41AImitlbERljG4axc VVsCP7yl1ehfV73Ld9d1BrXRRxlOIYTOAMfLqEBt9CEFhB4gmd4hTcnd16cd+dj0Vpyipkj+CPn8wfwE5UD</latexit><latexit sha1_base64="MZdaXVf2es4VBzbHyE8yVYgm0/8=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLohuXFewF2qFk0kwbmmTGJCOWYV7FjQtF3Poi7nwb03YW2vpD4OM /53BO/jDhTBvP+3ZKa+sbm1vl7crO7t7+gXtYbes4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTm5m9c4jVZrF8t5MExoIPJIsYgQbaw3caj9SmGR+nvX1gzKZyPOBW/Pq3lxoFfwCalCoOXC/+sOYpIJKQzjWuud7iQkyrAwjnOaVfqppgskEj2jPosSC6iCb356jU+sMURQr+6RBc/f3RIaF1lMR2k6BzVgv12bmf7VeaqKrIGMySQ2VZLEoSjkyMZoFgYZMUWL41AImitlbERljG4axc VVsCP7yl1ehfV73Ld9d1BrXRRxlOIYTOAMfLqEBt9CEFhB4gmd4hTcnd16cd+dj0Vpyipkj+CPn8wfwE5UD</latexit>
w = sn(z|m)
<latexit sha1_base64="h7Pb48ypYcpN3a2pRhMZX1HgOb0=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4JuhKIblxXsBdqhZNK0DU0yQ5JR2rFP4saFIm59FHe+jWk7C239IfD xn3M4J38Yc6aN5307K6tr6xubua389s7uXsHdP6jrKFGE1kjEI9UMsaacSVozzHDajBXFIuS0EQ5vpvXGA1WaRfLejGIaCNyXrMcINtbquIXHq7StBNJyUho/idOOW/TK3kxoGfwMipCp2nG/2t2IJIJKQzjWuuV7sQlSrAwjnE7y7UTTGJMh7tOWRYkF1UE6O3yCTqzTRb1I2ScNmrm/J1IstB6J0HYKbAZ6sTY1/6u1EtO7DFIm48RQSeaLeglHJkLTFFCXKUoMH1nARDF7KyIDrDAxN qu8DcFf/PIy1M/KvuW782LlOosjB0dwDCXw4QIqcAtVqAGBBJ7hFd6csfPivDsf89YVJ5s5hD9yPn8AVoyS3Q==</latexit><latexit sha1_base64="h7Pb48ypYcpN3a2pRhMZX1HgOb0=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4JuhKIblxXsBdqhZNK0DU0yQ5JR2rFP4saFIm59FHe+jWk7C239IfD xn3M4J38Yc6aN5307K6tr6xubua389s7uXsHdP6jrKFGE1kjEI9UMsaacSVozzHDajBXFIuS0EQ5vpvXGA1WaRfLejGIaCNyXrMcINtbquIXHq7StBNJyUho/idOOW/TK3kxoGfwMipCp2nG/2t2IJIJKQzjWuuV7sQlSrAwjnE7y7UTTGJMh7tOWRYkF1UE6O3yCTqzTRb1I2ScNmrm/J1IstB6J0HYKbAZ6sTY1/6u1EtO7DFIm48RQSeaLeglHJkLTFFCXKUoMH1nARDF7KyIDrDAxN qu8DcFf/PIy1M/KvuW782LlOosjB0dwDCXw4QIqcAtVqAGBBJ7hFd6csfPivDsf89YVJ5s5hD9yPn8AVoyS3Q==</latexit><latexit sha1_base64="h7Pb48ypYcpN3a2pRhMZX1HgOb0=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4JuhKIblxXsBdqhZNK0DU0yQ5JR2rFP4saFIm59FHe+jWk7C239IfD xn3M4J38Yc6aN5307K6tr6xubua389s7uXsHdP6jrKFGE1kjEI9UMsaacSVozzHDajBXFIuS0EQ5vpvXGA1WaRfLejGIaCNyXrMcINtbquIXHq7StBNJyUho/idOOW/TK3kxoGfwMipCp2nG/2t2IJIJKQzjWuuV7sQlSrAwjnE7y7UTTGJMh7tOWRYkF1UE6O3yCTqzTRb1I2ScNmrm/J1IstB6J0HYKbAZ6sTY1/6u1EtO7DFIm48RQSeaLeglHJkLTFFCXKUoMH1nARDF7KyIDrDAxN qu8DcFf/PIy1M/KvuW782LlOosjB0dwDCXw4QIqcAtVqAGBBJ7hFd6csfPivDsf89YVJ5s5hD9yPn8AVoyS3Q==</latexit><latexit sha1_base64="h7Pb48ypYcpN3a2pRhMZX1HgOb0=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFqJsyI4JuhKIblxXsBdqhZNK0DU0yQ5JR2rFP4saFIm59FHe+jWk7C239IfD xn3M4J38Yc6aN5307K6tr6xubua389s7uXsHdP6jrKFGE1kjEI9UMsaacSVozzHDajBXFIuS0EQ5vpvXGA1WaRfLejGIaCNyXrMcINtbquIXHq7StBNJyUho/idOOW/TK3kxoGfwMipCp2nG/2t2IJIJKQzjWuuV7sQlSrAwjnE7y7UTTGJMh7tOWRYkF1UE6O3yCTqzTRb1I2ScNmrm/J1IstB6J0HYKbAZ6sTY1/6u1EtO7DFIm48RQSeaLeglHJkLTFFCXKUoMH1nARDF7KyIDrDAxN qu8DcFf/PIy1M/KvuW782LlOosjB0dwDCXw4QIqcAtVqAGBBJ7hFd6csfPivDsf89YVJ5s5hD9yPn8AVoyS3Q==</latexit>
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<latexit sha1_base64="h23SaQ74Qu4U9k7Y05MrSivBGlo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlW thdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPw6+jaI=</latexit><latexit sha1_base64="h23SaQ74Qu4U9k7Y05MrSivBGlo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlW thdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPw6+jaI=</latexit><latexit sha1_base64="h23SaQ74Qu4U9k7Y05MrSivBGlo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlW thdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPw6+jaI=</latexit><latexit sha1_base64="h23SaQ74Qu4U9k7Y05MrSivBGlo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlW thdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPw6+jaI=</latexit>
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<latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+X v3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+X v3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+X v3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+X v3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit>
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w = sn( z|m)
<latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4 PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBEgRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwd FGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6iiBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit><latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4 PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBEgRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwd FGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6iiBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit><latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4 PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBEgRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwd FGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6iiBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit><latexit sha1_base64="Xo6+US6BDQhLPlOq3rlc2Iqf+Ac=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZakShAQLUgULY5HoQ2qiynGc1qrtRLYDKiELv8LCAEKsfAYbf4 PbZoCWI1k6OuceXd8TJIwq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHsBEgRRgVpaqoZ6SSSIB4w0g6GV2O/fUekorG41aOE+Bz1BY0oRtpIPXv//iLzJIdK5FWPmVyI4MMjP+7ZFafmTADniVuQCijQ6NlfXhjjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNFYgT5WeTA3J4ZJQQRrE0T2g4UX8nMsSVGvHATHKkB2rWG4v/ed1UR+d+RkWSaiLwd FGUMqhjOG4DhlQSrNnIEIQlNX+FeIAkwtp0VjYluLMnz5PWSc01/Oa0Ur8s6iiBA3AIqsAFZ6AOrkEDNAEGOXgGr+DNerJerHfrYzq6YBWZPfAH1ucPDfKWCg==</latexit>
z2
<latexit sha1_base64="mhWh+7ZOm5KKQivpnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKt LC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAQQo2j</latexit><latexit sha1_base64="mhWh+7ZOm5KKQivpnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKt LC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAQQo2j</latexit><latexit sha1_base64="mhWh+7ZOm5KKQivpnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKt LC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAQQo2j</latexit><latexit sha1_base64="mhWh+7ZOm5KKQivpnvZugQToWtY=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlQQ3+CFw+KePUXefPfuG 1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKt LC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAQQo2j</latexit>
w
<latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG 1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3u xI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG 1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3u xI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG 1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3u xI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit><latexit sha1_base64="sGagZRpsBDQQXLOTtGoRB0Vi9Sc=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1SQn+BFw+KePUnefPfuG 1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3u xI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5LeM+w==</latexit>
w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr 0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr 0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr 0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr 0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>
w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBX o1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBX o1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBX o1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBX o1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>
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Figure 11. (a) The conformal mapping from infinite cylinder (T = ∞) to a complex plane. In the left plot, the up and lower
edges of the rectangle are glued together so that it is equivalent to a cylinder geometry. The left and right sides denote the
short-range entangled initial state |ψ0〉. The two twist fields are located at z1 and z2 with z1 − z2 = iLA. After conformal
mapping, z1 and z2 are mapped to w1 and w2 living on the unit circle around origin. (b) The conformal mapping from infinite
strip (L =∞) to the upper half plane (UHP). Here z1 = iLA. (c) The conformal mapping from semi-infinite strip (L =∞) to
the upper half plane (UHP). Here z1 = iLA. (d) The conformal mapping from a rectangle to UHP. Here z1 = iLA. (e) The
detail of the conformal mapping from a “canonical” rectangle to UHP. The four corners of the canonical rectangle are mapped
to four points on the real axis. (f) The procedure to evaluate the mutual information, where z1 = iLA and z2 = i(L− LB).
where we introduce a parameter a which is model depen-
dent and rescales the time direction. Given a cross ratio
τ , we numerically find the corresponding m. We then
map this L × 2Y rectangle to UHP with the following
conformal mapping:
w(z) = sn(λz|m), (D18)
where λ = L/K(1−m).
Therefore we have
TrρnA =
|λcn(λz1|m)dn(λz1|m)|2∆n
|2sn(λz1|m)|2∆n (D19)
and
Sn = − c
12
(
1 +
1
n
)
log ξ. (D20)
where
ξ =
[
λcn(λz1|m)dn(λz1|m)
|2sn(λz1|m)|
]
, (D21)
with sn(z|m), cn(z|m) and dn(z|m) are Jacobi elliptic
functions.
We can use similar method to compute the mutual
information dynamics. As shown in Fig. 11(f), we have
TrρnA∪B
TrρnATrρ
n
B
=
〈Tn(z1, z1)Tn(z2, z2)〉Rec
〈Tn(z1, z1)〉Rec〈Tn(z2, z2)〉Rec
=
〈Tn(w1, w1)Tn(w2, w2)〉UHP
〈Tn(w1, w1)〉UHP〈Tn(w2, w2)〉UHP
=
〈Tn(w1)Tn(w1)Tn(w2)Tn(w2)〉C
〈Tn(w1)Tn(w1)〉C〈Tn(w2)Tn(w2)〉C
= F (η) (D22)
where the cross ratio η is defined as
η ≡ |w1 − w1||w2 − w2||w1 − w2||w2 − w1| . (D23)
with w1 = sn(iλLA|m) and w2 = sn(iλ(L− LB)|m).
Appendix E: Master equation for continuous time
model
1. Unitary Brownian dynamics
We first consider the pure unitary evolution and take
the Brownian evolution with
|ψ(t+ dt)〉 = e−idH |ψ(t)〉 (E1)
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where dH is a one dimensional random free fermion
Hamiltonian, i.e.,
dH =
∑
j
(c†j+1cjdWj + c
†
jcj+1dW j). (E2)
Wj(t) is Brownian motion with
dWidW j = Aδi,jdt. (E3)
We compute the evolution of the d|Ca,b|2/dt, which ac-
cording to Itoˆ calculus, should take the following form,
d|Ca,b|2 = dCb,adCa,b + d
2Cb,aCa,b + Cb,ad
2Ca,b
2
. (E4)
As we have shown in Eq.(A8), the first derivative dC
satisfies,
dC = i[dH,C]. (E5)
Therefore we have
|dCa,b|2
Adt
=
(|Cb+1,a|2 + |Cb−1,a|2 + |Cb,a+1|2 + |Cb,a−1|2)
− 2δa,b+1Cb+1,b+1Cb,b − 2δa,b−1Cb−1,b−1Cb,b. (E6)
The second derivative d2C is
d2C = −[dH, [dH,C]], (E7)
which leads to
d2Cb,aCa,b + Cb,ad
2Ca,b
2dt
= −4A|Ca,b|2 + 2A(Ca+1,a+1Ca,a + Ca−1,a−1Ca,a)δa,b.
(E8)
Therefore we have
d|Ca,b|2
Adt
=
(|Cb+1,a|2 + |Cb−1,a|2 + |Cb,a+1|2 + |Cb,a−1|2)
− 2δa,b+1Cb+1,b+1Cb,b − 2δa,b−1Cb−1,b−1Cb,b
− 4|Ca,b|2 + 2(Ca+1,a+1Ca,a + Ca−1,a−1Ca,a)δa,b. (E9)
It is easy to confirm that
∑
a,b
d|Ca,b|2
dt
= 0, (E10)
consistent with the constraint
TrC2 =
∑
a,b
|Ca,b|2 = N. (E11)
2. Imaginary Brownian dynamics
We consider the imaginary Brownian dynamics with
|ψ(t+ dt)〉 ∼ e−dH |ψ(t)〉 (E12)
where the Hamiltonian increment,
dH =
∑
j
c†jcjdWj (E13)
with dW satisfying
dWidWj = Bδi,jdt. (E14)
To compute the equation of motion for C matrix, we need
to compute dC and d2C. As we have shown in Eq.(A11),
the first derivative satisfies
dC = −{dH,C}+ 2CdHC. (E15)
Therefore we have
|dCa,b|2
Bdt
= 2|Ca,b|2 + 2δa,b|Cb,a|2
+ 4
∑
m
|Cb,m|2|Cm,a|2 − 4|Ca,b|2(Ca,a + Cb,b). (E16)
The second derivative has
d2C =− dH [−{dH,C}+ 2CdHC]
− [−{dH,C}+ 2CdHC] dH
+ 2 [−{dH,C}+ 2CdHC] dHC
+ 2CdH [−{dH,C}+ 2CdHC] , (E17)
with its matrix element
d2Cb,a
Bdt
= 2Cb,a + 2Cb,aδa,b − 4Cb,a(Cb,b + Ca,a)
− 4
∑
m
Cb,mCm,a + 8
∑
m
Cb,mCm,mCm,a. (E18)
Therefore we have
d2Cb,aCa,b + Cb,ad
2Ca,b
2Bdt
= 2|Cb,a|2 + 2|Cb,a|2δa,b − 4|Cb,a|2(Cb,b + Ca,a)
− 2
∑
m
Cb,mCm,aCa,b − 2
∑
m
Ca,mCm,bCb,a
+ 4
∑
m
Cb,mCm,aCm,mCa,b + 4
∑
m
Ca,mCm,bCm,mCb,a.
(E19)
In total, we obtain
d|Ca,b|2
Bdt
= 4|Ca,b|2 + 4|Cb,a|2δa,b
− 8|Cb,a|2(Cb,b + Ca,a) + 4
∑
m
|Cb,m|2|Cm,a|2
− 2
∑
m
[Cb,mCm,aCa,b + Ca,mCm,bCb,a]
+ 4
∑
m
[Cb,mCm,aCm,mCa,b + Ca,mCm,bCm,mCb,a] .
(E20)
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Notice that
∑
a,b
dCb,adCa,b
Bdt
= 2
∑
a,b
|Ca,b|2 − 2
∑
a
|Ca,a|2 (E21)
and
∑
a,b
dCb,aCa,b + Cb,adCa,b
2Bdt
= −2
∑
a,b
|Ca,b|2 + 2
∑
a
|Ca,a|2.
(E22)
Therefore we confirm
∑
a,b
d|Ca,b|2
dt
= 0. (E23)
3. The unitary+imaginary Brownian dynamics
We consider the mixed dynamics with
|ψ(t+ dt)〉 ∼ e−idH |ψ(t)〉 (E24)
where the Hamiltonian increment is
dH =
∑
j
(
c†j+1cjdW
1
j + c
†
jcj+1dW
1
j − ic†jcjdW 2j
)
.
(E25)
The equation of motion for |Ca,b|2 is the combination
of Eq.(E9) and Eq.(E20). We expect that by solving
this equation, we would obtain the same dynamics for
the correlation function investigated in the main text.
However, this equation is very complicated and it is hard
to extract physics directly from it. We now derive an
(approximate) master equation for fn, as defined in (24)
For the initial state with only diagonal element Ca,a 6=
0, we have f0 = 1 and fn>0 = 0. To study the dynamics
of fn, we start from Eq.(E9) and Eq.(E20) and rewrite
them in terms of fn. For Eq.(E9), it mainly contributes
a term
fn−1 + fn+1 − 2fn, (E26)
which is responsible for the diffusive spreading of fn if
the dynamics is purely unitary. In Eq.(E20), we throw
away terms Cb,mCm,aCa,b and Cb,mCm,aCm,mCa,b when
m 6= a or b. We make this approximation because under
random dynamics, Ca,b = 0 if a 6= b and their products
are also zero. The term
∑
m |Cb,m|2|Cm,a|2 is very im-
portant and will contribute two quadratic terms:
∞∑
m=1
fmfm+n +
1
2
n−1∑
m=1
fmfn−m. (E27)
The term |Ca,b|2Ca,a will contribute
fn
∞∑
m=1
fm, (E28)
this is because Ca,a =
∑
b |Ca,b|2. Including all these
above terms, we can write down the non-linear master
equation for fn, which satisfies
df1
dt
= µ+ θ(f2 − 2f1)− 2f1
∞∑
m=1
fm
+
∞∑
m=1
fmfm+1, (E29a)
dfn
dt
= θ(fn+1 + fn−1 − 2fn)− 2fn
∞∑
m=1
fm
+
∞∑
m=1
fmfm+n +
1
2
n−1∑
m=1
fmfn−m, (n > 1) (E29b)
where µ and θ are positive constants. µ ∼ δa,b+1(Cb,b −
Cb+1,b+1)
2 + δa,b−1(Cb,b − Cb−1,b−1)2 is the source term
and is coming from the fluctuations of diagonal elements
of C matrix. In the above master equation, we do not
consider the dynamics for f0. This is because there is an
extra constraint
∑
a Ca,a = N and therefore f0 cannot
be simply described by the master equation.
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